Introduction
Among the most common urological conditions in the elderly are LUTS. The incidence of LUTS increases to~30-40% and 24-29% in men and women aged ≥60 years, respectively [1] . Oxidative stress is considered to reflect an imbalance between the systemic manifestation of reactive oxygen and nitrogen species [2] . A link between bladder ischaemia and oxidative stress has been suggested to be related to LUTS in animal models [3, 4] ; however, few studies have addressed the direct association between LUTS and oxidative stress in humans [5, 6] . 8-Hydroxy-2 0 -deoxyguanosine (8-OHdG) is one of the most common markers of oxidative DNA damage [7, 8] . Advanced glycation end products (AGEs), a group of harmful compounds, modified proteins, and/or lipids with damaging potential, are among the surrogate markers of oxidative stress [9] [10] [11] . AGEs increase the formation of reactive oxygen species and impair antioxidant systems. AGE levels, measured by skin autofluorescence of the forearm, are elevated in patients with diabetes, renal failure, vascular complications and coronary heart disease [9] [10] [11] . As skin AGEs are potentially associated with vascular damage, including in the urinary bladder, the increased production and augmentation of oxidative stress may contribute to the development of LUTS [8] . Little is known, however, about the effect of oxidative stress on the aetiology of LUTS [6, 8] . We aimed to investigate the relationships among LUTS, 8-OHdG levels and AGE levels in a community-dwelling population.
Materials and Methods

Design and Ethics Statement
The present study was conducted in accordance with the ethical standards of the Declaration of Helsinki. The crosssectional data collection from the Iwaki Health Promotion Project was approved by the Ethics Committee of Hirosaki University School of Medicine (authorization number, [2014] [2015] . The project was designed for the prevention of lifestyle-related diseases and for the promotion of health to extend the lifespan of the residents of Hirosaki City (Iwaki District), which is situated in the northern part of Japan, in collaboration with Hirosaki University, Hirosaki City, and the Aomori Prefecture General Screening Centre [12] [13] [14] [15] [16] [17] . All participants provided written informed consent before enrolling in the study.
Data Collection
The 1 113 community-dwelling participants were selected from the Iwaki Health Promotion Project, which was a comprehensive study conducted to investigate the aetiology of lifestyle-related diseases, such as hypertension (HTN), cardiovascular disease (CVD), type 2 diabetes mellitus, and metabolic syndrome, via the investigation of factors such as body mass index (BMI) and smoking status. HTN was defined as taking any antihypertensive medications or systolic and diastolic blood pressure measurements of >140 and >90 mmHg, respectively. People with diabetes were defined as those with a history of type 2 diabetes or those who met the relevant diagnostic criteria and required glycaemic control. CVD was defined as positive history of cardiac surgery, angina, myocardial infarction, stroke, or taking any cardiotonic agents/coronary vasodilators. Cigarette smokers included occasional or current smokers.
Evaluation of LUTS
All participants were assessed for LUTS using the IPSS and the Overactive Bladder Symptom Score (OABSS) [18] . The OABSS was used to quantify the symptoms of an overactive bladder: daytime and nighttime frequency, urgency, and urge incontinence [19, 20] . LUTS prevalence was assessed according to severity category using IPSS (mild: 0-7; moderate: 8-19; severe: 20-35) and OABSS (mild: 0-5; moderate: 6-11; severe: [12] [13] [14] [15] ). An IPSS > 7, an OABSS > 5, a nocturia score > 1, or an urge incontinence score >1 was defined as moderate to severe LUTS.
Evaluation of Oxidative Stress
We used an AGE reader (Diagnoptics Technologies B.V., Groningen, the Netherlands) to measure AGE accumulation non-invasively in the human skin of the forearm. Skin autofluorescence is calculated as a ratio of mean intensities detected from the skin between 420-600 nm and 300-420 nm. It correlates with collagen, protein and lipid-linked fluorescence and is specific to systematic accumulation of AGEs in the body. We investigated urine creatinine-adjusted urine 8-OHdG levels (ng/mgCr) by using the New 8-OHdG Check ELISA kit (Japan Institute for the Control of Aging, Fukuroi, Japan). Urine samples were collected in the morning, and stored in polypropylene tubes or polystyrene tubes at À80°C until the time of analysis.
Statistical Analysis
Statistical analyses of clinical data were performed using SPSS version 24.0 (IBM, Inc., Armonk, NY, USA) and GRAPHPAD PRISM 5.03 (GraphPad Software, San Diego, CA, USA). Categorical variables were compared using Fisher's exact test or the chi-squared test. Quantitative variables were expressed as means AE SD. The differences between groups were compared using Student's t-test for normally distributed data or the Mann-Whitney U-test for non-normally distributed data. Differences among three or more groups were analysed using the Kruskal-Wallis test. The correlation between two indices was analysed using Spearman's rank correlation coefficient. Differences were considered significant at P < 0.05. The effect of oxidative stress on LUTS was analysed using uni-and multivariate logistic regression analyses. Odds ratios (ORs) with 95% CIs were calculated.
Results
Baseline Characteristics
The participants' characteristics are presented in Table 1 . Among the 1 113 participants, there were 431 men and 682 women. The median (interquartile range [IQR]) age was 57 (42-66) years. The median (IQR) IPSS was 2 (1-5), and 16% of the participants had moderate or severe symptoms (IPSS > 7). The median (IQR) OABSS was 1 (0-2), and 6.6% of the participants had moderate or severe symptoms (OABSS > 5). The median (IQR) frequency of nocturia was 1 (0-1) void, and 18% of the participants had moderate or severe nocturia (>1 void per night). The median (IQR) frequency of urge incontinence was 0 (0-0), and 5.1% of the participants had moderate or severe urge incontinence (>1 void per day).
Association Between 8-OHdG and AGE Levels
The R 2 value for the correlation between 8-OHdG and AGE levels was 0.023 ( Fig. 1 ). The R 2 value was too small to indicate strong correlation and the significant P value of this correlation does not reflect the strength of the relationship between the two biomarkers. 
Association Between AGE Levels and LUTS
Older age was significantly associated with AGE levels (R 2 = 0.294, P < 0.001; Fig. 2A ). AGE levels were significantly different among the LUTS severity groups defined by IPSS (P < 0.001, Kruskal-Wallis test; Fig. 2B ), OABSS (P < 0.001, Kruskal-Wallis test; Fig. 2C ), nocturia score (P < 0.001, Kruskal-Wallis test; Fig. 2D ), and urge incontinence score (P = 0.002, Kruskal-Wallis test; Fig. 2E ). In subgroup analysis, skin AGE levels were significantly higher in participants with IPSS 8-35 than in those with IPSS 0-7 (P < 0.001, MannWhitney U-test; Fig. S2A ), in participants with OABSS 0-5 than in those with OABSS 6-15 (P < 0.001, Mann-Whitney U-test; Fig. S2B ), and in participants with nocturia score 0 than in those with nocturia score > 0 (P < 0.001, MannWhitney U-test; Fig. S2C ) according to the post hoc tests. Skin AGE levels, however, were not significantly different between participants with urge incontinence score 0 and those with urge incontinence score > 0 (P = 0.501, MannWhitney U-test; Fig. S2D ). However, a significant difference was observed between participants with urge incontinence score 0 and those with urge incontinence score 1 alone (P = 0.001, Mann-Whitney U-test; Fig. S2D ).
Association between 8-OHdG and LUTS
The R 2 value for the correlation between age and 8-OHdG levels was 0.054 (Fig. 3A) . The R 2 value was too small to indicate strong correlation between the two biomarkers. 8-OHdG levels were significantly different among the IPSS (P = 0.034, Kruskal-Wallis test; Fig. 3B ), OABSS (P = 0.032, Kruskal-Wallis test; Fig. 3C ), nocturia (P < 0.001, Kruskal- 
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199 (18) 87 (20) 112 ( Wallis test; Fig. 3D ), and urge incontinence groups (P = 0.005, Kruskal-Wallis test; Fig. 3E ). In subgroup analysis, 8-OHdG levels were significantly higher in participants with IPSS 8-35 than in those with IPSS 0-7 (P = 0.009, MannWhitney U-test; Fig. S2E ), in participants with OABSS 0-5 than in those with OABSS 6-15 (P = 0.017, Mann-Whitney U-test; Fig. S2F ), in participants with nocturia score 0 than in those with nocturia score >0 (Fig. S2G , P < 0.001, MannWhitney U-test), and in participants with urge incontinence score 0 than those with urge incontinence score >0 (P = 0.002, Mann-Whitney U-test; Fig. S2H ) according to the post hoc tests.
Uni-and Multivariate Logistic Regression Analyses for 8-OHdG and AGEs
In the univariate logistic analysis, AGE levels were significantly associated with IPSS > 7 (P < 0.001; OR 2.48), OABSS > 5 (P < 0.001; OR 3.43), nocturia score > 1 (P < 0.001; OR 4.01), and urge incontinence score > 1 (P < 0.001; OR 3.44 [ Table 2 ]). 8-OHdG levels were significantly but weakly associated with IPSS > 7 (P = 0.006; OR 1.09), OABSS > 5 (P = 0.016; OR 1.11), nocturia score > 1 (P = 0.013; OR 1.08), and urge incontinence score > 1 (P = 0.005; OR 1.14 [ Table 2 ]).
In the multivariate logistic analysis, AGEs remained a significant factor for nocturia score > 1 (P = 0.027; OR 1.68), whereas no association was observed with IPSS > 7 (P = 0.397; OR 1.20), OABSS > 5 (P = 0.180; OR 1.50), or urge incontinence score > 1 (P = 0.095; OR 1.76 [ Table 2 ]).
Discussion
We examined 8-OHdG and AGE levels to investigate the association between oxidative stress and LUTS in communitydwelling adults. To the best of our knowledge, this is the first and largest study to investigate the relationship between AGE levels, 8-OHdG levels and LUTS. The results suggest that the association between AGE and 8-OHdG levels was not strong enough to demonstrate a strong relationship between them. Association between advanced glycation end product (AGE) levels and LUTS. Older age was significantly associated with AGE levels (R 2 = 0.294, P < 0.001, Spearman's rank correlation coefficient) but the R 2 value was too small to indicate strong correlation and the significant P value of this correlation does not reflect the strength of the relationship between the two biomarkers (A). AGE levels were significantly associated with IPSS (P < Although 8-OHdG and AGE levels showed a significant association with IPSS, OABSS, nocturia, and urge incontinence in the univariate analysis, 8-OHdG and AGE levels were not selected as independent factors for LUTS, except for AGE levels in participants with nocturia score > 1. Given that many key factors have been reported as being responsible for oxidative stress [2] , a single measurement of oxidative stress markers might not elucidate the complex relationship between oxidative stress and antioxidant reactions; however, the present results suggest a significant association between AGE levels and nocturia score > 1.
Considering that nocturia has been reported to be associated with several health-related disorders, this observation supports the negative effect of deteriorated general health status via oxidative stress on nocturia.
We focused on AGEs as surrogate makers of oxidative stress. The accumulation of AGEs was first described as an epiphenomenon of aging [21] . The amount of AGEs slowly increases with age in a variety of collagenous structures, such as vascular wall collagen and basement membranes [11, 22, 23] . Several studies have proven the accumulation of AGEs during the progression of diabetes and suggested a causal role in the development of a variety of diabetic complications [21, 22, [24] [25] [26] . Conversely, few studies have addressed the relationship between AGE levels and LUTS. A recent study reported a correlation between serum AGE levels and LUTS in people with type 2 diabetes [6] . These results suggest that serum AGE levels are a marker of diabetic complications and LUTS.
In the present study, we used skin AGEs to quantify the accumulation of AGEs. Skin AGE levels were a non-invasive measurement of oxidative stress accumulation. Although we could not address the reason why AGE levels alone remained a significant factor for nocturia score > 1, we propose that AGE levels might be markers of comorbid poor health because nocturia is a cumulative symptom of numerous factors, including older age, polypharmacy, metabolic, cardiovascular, hormonal and mental health disorders, and sleep and inflammatory disturbances [27] . Although these factors might provide a possible explanation for the discrepancy of the association between AGEs and 8-OHdG levels and LUTS, further research is necessary to verify the complex effect of oxidative stress on LUTS. The effect of lifestyle-related diseases on LUTS and oxidative stress should be noted. As a significant relationship between comorbidities and oxidative stress has been suggested [28] , we included age, sex, BMI, smoking, HTN, diabetes, CVD, Pittsburgh Sleep Quality Index (PSQI) and oxidative stress in the multivariate logistic regression analyses. The presence of sleep disorders (PSQI > 5) was selected as a significant factor for IPSS > 7 (P < 0.001, OR 2.13) but not for nocturia > 1 (P = 0.193, OR 1.34). Although it has previously been suggested that there is a significant association between nocturia and sleep disorders [29] , the results of the present study did not demonstrate a significant difference between sleep disorders and the severity of nocturia (Fig. S1A) . Similarly, no significant difference was shown between PSQI and AGE levels (Fig. S1B) or between PSQI and 8-OHdG levels (Fig. S1C) . These results suggest there is a complex relationship among PSQI, LUTS and oxidative stress. Interestingly, AGE levels were significantly higher in participants with CVD than in those without CVD (Fig. S1D) ; 8-OHdG levels did not show a similar tendency (Fig. S1E) . In the multivariate logistic regression analyses, both CVD and AGE levels were selected as independent factors for nocturia score > 1. These results suggest there is a close relationship among CVD, AGEs and nocturia. Considering that no previous study has investigated the complex connections between comorbidities, oxidative stress, sleep disorders and LUTS, further research is required to evaluate such relationships among lifestyle-related disorders. Given that age was a robust factor for the severity of LUTS, it was selected as a significant factor for all types of LUTS including IPSS > 7, OABSS > 5, nocturia >1, and urge incontinence >1.
We found that BMI was not significantly associated with oxidative stress in the present study. Several studies have examined the role of oxidative stress in obese subjects with metabolic syndrome; however, negative effects of BMI on oxidative stress are potentially different between people who are overweight and those who are obese [30] . A previous study suggested that increases in oxidative stress are mostly attributable to obesity (BMI > 30 kg/m 2 ) in patients with metabolic syndrome, but that this is not the case in overweight patients (BMI 25-30 kg/m 2 ) [30] . The number of participants with BMI 25-30 kg/m 2 and BMI >30 kg/m 2 was 221 (20%) and 35 (3.1%), respectively, in the present study. This study might therefore be subject to regional bias because not many people are obese in Japan.
The limitations of this study include its cross-sectional nature, which restricts our ability to ascribe cause and effect to our observations and creates selection bias (regarding age, sex and reliance on self-report measures) and other unmeasurable confounding factors for which we could not control. We were unable to make a distinction between nocturnal polyuria and nocturia because of the lack of voiding diaries. We could not address the influence of any dietary factors, drug restrictions or smoking on 8-OHdG levels before urine sample collection. Our results may not be generalizable to other populations because of regional bias. In addition, the study included relatively healthy individuals who are highly health-conscious. Despite these limitations, to our knowledge, the present study is the first and largest to investigate the clinical implications of oxidative stress on LUTS. Although further studies are required, our findings support the clinical importance of oxidative stress assessment in people with LUTS.
In conclusion, AGE levels were significantly associated with moderate to severe nocturia. Further research is necessary to clarify a possible causal relationship between oxidative stress and nocturia.
